This study is concerned with the effects of two extraction procedures (using ultrasonic 
INRODUCTION
By-products of fruits and vegetables processing represent a major disposal problem for the industry concerned, but they are also promising sources of compounds which may be used for various purposes in the food, pharmaceutical and cosmetic industries (1) .
Tomato (Lycopersicon esculentum) is, after potato, the second most consumed vegetable in the world and approximately 30% is consumed as processed products. Both fresh and processed tomato possesses a high nutritional value, due to its content of different types of micronutrients: vitamins (C and E), folates, carotenoids (lycopene and β-carotene) and polyphenolic compounds (flavonoids -quercetin, kaempferol and narangenin, and phenolic acid -caffeic, chlorogenic, ferulic and p-coumaric acids). The skin and seeds of tomatoes have been found to be richer sources of polyphenolic compounds than the pulp (2). George et al. ( 3) studied 12 genotypes of tomatoes, and found that the free polyphenolic content (expressed as mg catechin/100 g, fresh weight) in pulps ranged from 9.2 to 27.0 mg/100 g, compared to 10.4 to 40.0 mg/100 g in skin, and also that for each genotype, the polyphenolic content in skin was higher than in pulp. A similar observation has been made by Toor and Savage (4) , who reported that the total polyphenolic content (expressed as mg gallic acid equivalents/100 g) of skin and seeds of tomatoes were, respectively, 29.1 and 22.0, compared to 12.7 mg/100 g in the pulp. However, when tomatoes are processed into products like ketchup, sauces or juice, 3-7% of their weight become waste (1, 5) . Tomato waste, since it contains a significant amount of skin and seeds, is a potential source of natural antioxidants.
The extraction and purification of phytochemicals from natural sources is desirable, since these bioactive substances are often used in the preparation of dietary supplements, nutraceuticals, functional food ingredients, food additives, pharmaceuticals and cosmetic products (6) . The purpose of the extraction of phytochemicals from their plant sources is to liberate these compounds from the vacuolar structures where they are found, either through rupturing plant tissue or through a process of diffusion (7) . Extraction yield is dependent on the solvent and method of extraction (8) . Water, aqueous mixtures of ethanol, methanol and acetone are commonly used as solvents (9) . The chosen extraction method should enable complete extraction of the compounds of interest and avoid their chemical transformation (10) . The application of ultrasound as a laboratory-based technique for assisting extraction from plant material is widely published (11) . Among the several types of sonicator systems currently available, bath and probe-type sonicators are used. The homogenization is also a process which is commonly used for assisting extraction (12) .
This study has been carried out with the aim to investigate the influence of applied extraction procedures, ultrasonic bath and high performance homogenizer for solid-liquid extraction on the contents of polyphenolics in the tomato waste extracts. The isolation of flavonoid fraction of obtained extracts was performed using solid-phase extraction (SPE) using CHROMABOND ® PA column. The antioxidant activity of flavonoid fraction of tomato waste extracts was determined by different tests, including the reducing power and 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging assays.
EXPERIMENTAL Chemicals
2,2-Diphenyl-1-picrylhydrazyl (DPPH), Folin-Ciocalteu reagent, trichloroacetic acid, chlorogenic acid and rutin were purchased from Sigma Chemical Co. (St. Louis, MO, USA). These chemicals were of analytical reagent grade. Other chemicals and solvents used were of the highest analytical grade, obtained from "Zorka" Šabac (Serbia).
Waste preparation
Tomato (genotype Zora) harvested in Serbia in 2008, was obtained from the Institute of Field and Vegetable Crops, Novi Sad. Tomatoes (1 kg) were cleaned, cut in pieces and tomato juice was prepared using the juice extractor Neo, SK-400. The obtained tomato waste (yield 8.10 ± 0.39%) was used for the experiment.
Extraction procedures
Sample of tomato waste (10 g) was extracted at room temperature, using an ultrasonic bath Sonic 12GT (Vims elektrik, Loznica, Serbia). The extraction was performed three times with different amounts of 80% ethanol: 160 ml in 30 min, 80 ml in 30 min, 80 ml in 15 min at room temperature. The total extraction time was 75 min. The three extracts were combined and evaporated to dryness under reduced pressure. The weight of polyphenolic extract obtained using a bath-type sonicator (E1) was m = 0.56 ± 0.02 g.
In the second procedure, sample of tomato waste (10 g) was extracted at room temperature, using a high performance homogenizer, Heidolph DIAX 900 (Heidolph Instruments GmbH, Kelheim, Germany). The extraction was performed with different amounts of 80% ethanol: 160 ml in 30 min, 80 ml in 30 min, 80 ml in 15 min at room temperature. The total extraction time was 75 min. The three extracts were combined and evaporated to dryness under reduced pressure. The weight of polyphenolic extract obtained using the high performance homogenizer (E2) was m = 0.58 ± 0.02 g.
SPE procedure
The isolation of flavonoid fraction was performed according to the method, MACHEREY-NAGEL Appl. No. 300150 SPE (13) . Tomato waste extract (0.4 g) was dissolved in 4 ml of distilled water and passed under vacuum through conditioned (with 6 ml methanol, followed by 20 ml bidistilled water) CHROMABOND ® PA column (500 mg; J.T. Baker, Phillipsburg, NJ, USA). For SPE, a vacuum manifold processor (system spe-12G; J.T. Baker, Großgerau, Germany) was used. The column was washed with 8 ml of distilled water and flavonoids were eluted with 6 ml of methanol. The flavonoid fraction was evapored to dryness under reduced pressure. The weights of flavonoid fractions EF1 and EF2 obtained from extracts E1 and E2 were: EF1, m=0.0179 g and EF2, m=0.0137 g.
Total polyphenolic content
The amount of total soluble polyphenolics in the tomato waste extracts E1, E2, EF1 and EF2 was determined spectrophotometrically by the Folin-Ciocalteu method (14) . The total polyphenolic content was expressed as mg of chlorogenic acid equivalents per g of extract.
Total flavonoid content
Total flavonoids were measured in the tomato waste extracts E1, E2, EF1 and EF2 by the aluminum chloride spectrophotometric assay (15) . Total flavonoid content was expressed as mg of rutin equivalents per g of extract.
Free radical scavenging activity
The free radical scavenging activity of the flavonoid fractions EF1 and EF2 was determined spectrophotometrically using the DPPH method (16), modified for this assay.
Briefly, a 0.5 ml of solution containing from 0.025 to 2 mg of EF1/EF2 in methanol or 0.5 ml of methanol (control) were mixed with 1.5 ml of 90 μM DPPH solution and 3 ml of methanol. The mixture was vortexed and left at room temperature for 60 min, than the absorbance was read against a blank at 515 nm using a UV-1800 spectrophotometer (Shimadzu, Kyoto, Japan). The blank probe contained all components except the radicals. The capability to scavenge the DPPH radicals, DPPH scavenging activity (SA DPPH ), was calculated using the following equation:
where A Control is the absorbance of the control reaction (containing all reagents except the extract) and A Sample is the absorbance in the presence of the extract. The values of scavenging activity were calculated for the various concentrations of extract.
Reducing power
The reducing power of the flavonoid fractions EF1 and EF2 was determined by the method of Oyaizu (17) . For this puropse, suspension of EF1/EF2 (0.025 -2.5 mg) in 1 ml of distilled water or 1 ml of distilled water (control) was mixed with 1 ml of phosphate buffer (pH 6.6) and 1 ml of 1% potassium ferricyanide, K 3 [Fe(CN) 6 ]. The mixture was incubated at 50°C for 20 min, 1 ml of trichloroacetic acid (10%) was added and the mixture was then centrifuged at 3000 rpm for 10 min. A 2 ml aliquot of the upper layer was mixed with 2 ml of distilled water and 0.4 ml of 0.1% FeCl 3 and the absorbance of the mixture was measured at 700 nm using a UV-1800 spectrophotometer (Shimadzu, Kyoto, Japan). Increased absorbance of the reaction mixture indicates increased reduction capability.
RESULTS AND DISCUSSION

Total Polyphenolic and Flavonoid Content
Two procedures were applied for the efficient extraction of polyphenolics from tomato waste. The extractions were carried out using 80% aqueous ethanol solvent system. The contents of total polyphenolics and flavonoids in the polyphenolic extracts (E1 and E2) and in its flavonoid fractions (EF1 and EF2), as well as the ratio of total flavonoids/polyphenolics are presented in Table 1 . The total polyphenolic contents in extracts and flavonoid fractions were determined from the regression equation of chlorogenic acid calibration curve, and expressed as mg of chlorogenic acid equivalents per g of dry extract. Similarly, total flavonoids in extracts and flavonoid fractions were determined from the regression equation of rutin calibration curve, and expressed as mg of rutin equivalents per g of dry extract. The content of total polyphenolics and flavonoids in E2 extract was higher than in E1 extract and it was 14.33 mg/g and 7.70 mg/g, respectively. Also, the content of total polyphenolics and flavonoids in EF2 fraction was higher than in EF1 fraction, and it was 73.22 mg/g and 69.82 mg/g, respectively. It is evident from Table 1 that the high performance homogenization (E2 and EF2) showed better results for the extraction of polyphenolics and flavonoids than the ultrasonic assisted extraction (E1 and EF1). Based on spectrophotometric determination, it can be observed that the ratio total flavonoids/polyphenolics in flavonoid fractions obtained after SPE procedure, EF1 (0.91) and EF2 (0.95), was very high ( Table 1 ). The applied SPE showed good results for concentrating flavonoids from the extracts.
Antioxidant activity
The antioxidant activity of the EF1 and EF2 fractions of the tomato waste extracts was determined using different tests, including reducing power and DPPH free radical scavenging assays. These extracts were chosen, since the content of flavonoids was higher than in the extracts E1 and E2. The model of scavenging the stable DPPH radical is a widely used method to evaluate antioxidant activity in a relatively short time compared with other methods (18) . The hydrogen atom or electron donation ability of the extract was measured from the bleaching of a purple-coloured methanol solution of stable DPPH radical. Figure 1 shows the dose response curve for the DPPH radical scavenging activity (SA DPPH ) of the EF1 and EF2 fractions. The DPPH radical scavenging activities of the EF1 and EF2 fractions were concentration dependent. The high correlation coefficients (R 2 >0.90), calculated from logarithmic regression analysis, indicated that there is a significant positive correlation between the concentration and DPPH radical scavenging activity. The EC 50 value, defined as the concentration of the extract required for 50% scavenging of DPPH radicals under experimental condition employed, is a parameter widely used to measure the free radical scavenging activity (19) ; a smaller EC 50 value corresponds to a higher antioxidant activity. The higher DPPH free radical scavenging activity, expressed as EC 50 value, showed the fraction EF2 (0.45 mg/ml) than the fraction EF1 (0.78 mg/ml).
For the measurements of the reducing power, the Fe 3+ -Fe 2+ transformation was investigated in the presence of the EF1 and EF2 fractions using the method of Oyaizu (17) . In this assay, the yellow colour of the test solution changes to various shades of green and blue, depending on the reducing power of the antioxidant in the extracts. The capacity of the extracts to reduce the ferric-ferricyanide complex to the ferrous-ferricyanide complex of Prussian blue was determined by recording the absorbance at 700 nm (20) . Figure 2 shows the reducing powers of the EF1 and EF2 fractions. Like the DPPH radical scavenging activity, the reducing power of the EF1 and EF2 fractions increased with increasing concentration. All of the applied concentrations of EF2 flavonoid fraction showed higher reducing powers than the EF1 fraction. The obtained results show that the tomato waste should be regarded as a valuable product and has potential as a value-added ingredient which can be used because of their favourable technological or nutritional properties for functional foods.
CONCLUSION
The analysis of the polyphenolic and flavonoid content in the tomato waste extracts show that the high performance homogenization gave better results for the extraction of polyphenolics than the bath-type sonication.
The ratio total flavonoids/polyphenolics in flavonoid fractions obtained after SPE procedure was very high (>0.90), and this fact indicates that SPE is a good method for concentrating flavonoids from polyphenolic extracts.
The antioxidant activity of the EF1 and EF2 flavonoid fractions increased with increasing concentration. The higher reducing power and DPPH free radical scavenging activity showed flavonoid fraction EF2 than the EF1. The EC 50 value of the fraction EF2, determined based on DPPH radical scavenging activity, was 0.45 mg/ml. Also, the obtained results show that the tomato waste can be used as an easily accessible source of antioxidant polyphenolics and flavonoids.
